Bond with ultra-low fusing ceramic -Area fraction of the retained ceramic after bending Table 3 shows the mean values and standard deviations for the area fraction of the retained ceramic after bending. As shown in Table 3 , all Sn-and Ga-added alloys showed high area fraction of the retained ceramic (92.1-100.0%), and one of the nine Sn-added alloys and seven of the nine Ga-added alloys had 100.0% retained ceramic with 0% standard deviation. However, the No.5 mother alloy showed a relatively low area fraction (82.3%) with a high standard deviation (20.5%). The surfaces of the specimens with retained ceramic after bending are shown in Fig. 10 . The Kruskal-Wallis test showed that the difference in the area fraction was highly significant among the 19 tested alloys. Statistical differences between the No.5 mother alloy (control) and the Sn-or Ga-added alloys were analyzed using Dunnett's multiple comparison test which showed that the area fraction of the No.5 mother ALLOY FOR MULTIPLE APPLICATIONS Ga-added alloys (100% retained ceramic at the middle third of the specimen)
No.5 Mother alloy (45.4% retained ceramic at the middle third of the specimen) Fig. 10 The surface of the specimens with retained ceramic after bending.
alloy was significantly lower than those of the No.5 Sn-and Ga-added alloys. In addition Nos.4, 7 and 9 Sn-added alloys and Nos.2, 3, 4, 6, 7, 8 and 9 Ga-added alloys had significantly higher area fraction than the No.5 mother alloy. The Friedman test showed that there was a significant difference between the Sn-added and Ga-added alloys.
DISCUSSION
The solidus point of an alloy for metal-ceramic restorations has to be higher than the firing temperature of the ceramics. According to the manufacturer's instruction, the firing temperature of the ultra-low fusing ceramic (Deguceram Gold) is a maximum their study and the present study, however, show that the Ag-Pd-Au-Cu quaternary alloy can be used with ultra-low ceramics. The effect of the Pd and Cu contents on the area fraction of the retained ceramic was not clear for both the Sn-and Ga-added alloys. This may be due to the high area fraction of all alloys and the different deviations among them. It appears that the lowest Pd and Cu contents result in lower areas fraction, which may be related to the surface texture of this alloy. In contrast to the effects of Pd and Cu, those of Sn and Ga were clearly observed. The area fraction of the No.5 Sn-and Ga-added alloys was significantly higher than that of the No.5 mother alloy, suggesting that the addition of these metals to the Ag-Pd-Au-Cu quaternary alloy appears essential for a good bond with ultra-low fusing ceramics. The Friedman test showed that the Ga-added alloys had significantly more retained ceramics than the Sn-alloys. Two factors are considered necessary for a good quality bond between an alloy and a ceramic. One is the matching of coefficients of thermal expansion between the alloy and the ceramic and the other is the wetting of the fused ceramic to the alloy surface11). The result of the coefficient measurements showed that no significant difference was found between Sn-and Ga-added alloys with the same Ag, Pd, Au and Cu contents.
Therefore, the wetting of the fused ceramic may be higher for the Gaadded alloy than for the Sn-added alloy. A further study of the surface texture of the alloy may clarify not only the effects of Pd and Cu but also those of Sn and Ga.
Although the area fraction measurement showed that all Sn-and Ga-added alloys had a good bond with the tested ultra-low fusing ceramic, some of the prepared alloys are not suitable for ultra-low fusing ceramics due to their low solidus point or low coefficient of thermal expansion as mentioned above. Based on the finding from the discussions of the solidus point and coefficient of thermal expansion, the following 10 alloys can be chosen as metal-ceramic alloys for the ultra-low ceramic used in this study.
No.1 Sn-and Ga-added alloys No.2 Sn-added alloy No.3 Sn-added alloy No.4 Sn-and Ga-added alloys No.5 Sn-and Ga-added alloys No.6 Sn-and Ga-added alloys These choices are only based on the properties related to the bond with the tested ultra-low fusing ceramic. Therefore, the mechanical properties of these alloys should be evaluated to clarify the most suitable composites not only for the application of the ultra-low ceramics but also for the multiple dental applications.
CONCLUSIONS
Ag-Pd-Au-Cu quaternary alloys consisting of 30-50% Ag, 20-40% Pd, 10-20% Cu and 20% Au (mother alloys) were prepared.
Then 5% Sn or 5% Ga was added to the mother alloy compositions, and another two alloy systems (Sn-added alloys and Ga-
